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Military Airlift Commnand (MAC) contingenicy plans call for extending strategic
airlift capability by flying C-5A aircraft with double crews and aerial refuel-
ing. This mode of operation is known as the Blue and Gold concept. Standard
MAC operations limit the C-5A basic crew-duty day to 16 hours, after which a

- minimum en route crew-rest/ground time of 16.25 hours is required before flying
duty can be resumed. Under the Blue and Gala concept, two crews, one designated
Blue and the other Gold, alternate being on duty on the flight deck and off duty
in crew rest. The mission progresses as the two crews alternate responsibility
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for the aircraft. Thus, under the BlvoGold concept, all en route crew rest and

sleep occur onboard the aircraft, and much of this tim. is while the aircraft is
airborne. Self-ratings of subjective fatigue and sleep histories were used to
evaluate crew fatigue during five Blue/Gold missions, two each of 32 and 56
hours and one of 44 hours. Summarizing the five missions, the fatigue experi-
enced by the crews was clo 4 ly related to mission schedule. The crews were well
rested at the start of each mission, averaging a typical 7-8 hours of sleep per
night during a 3-day baseline period. At the end of the 32- and 44-hour mis-
sions, the on-duty crews reported more fatigue than the resting crews. At the
end of the 56-hour missions, the two crews differed little: both reported mod-
erate to considerable fatigue. Eight of 10 crews reported a 30% or greater
increase in hours slept during the first 24 hours of recovery. The subjective
fatigue scores and hours of sleep reported after the first day of recovery sel-
dom differed from those reported during the premission baseline period. Consid-
ering these and previous findings, double-crew aerial-refueled missions of 40-48
hours are feasible and safe.
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FATIGUE IN DOUBLE-CREW
AERIAL-REFUELED rRANSPORT MISSIONS

INTRODUCTION

Military Airlift Conmnand (MAC) contingency plans call for extending stra-
tegic airlift capability by flying C-5A aircraft with double crews and aerial
refueling. This mode of operation is known as the Blue and Gold concept.
Standard MAC operations limit the basic crew-duty day to 16 hours, after which
a minimum en route crew-rest/ground time of 16.25 hours is required before
flying duty can be resumed. This period provides the crew a minimum of 8
hours rest; time for transportation, postflight clearing, and meals; and 3.25
hours for predeparture preparation. Under the Blue and Gold concept, all en
route crew rest and sleep occur onboard the aircraft--much of the time while
airborne. Two crews, one designated Blue and the other Gold, alternate being
on duty on the flight deck and off duty in crew rest. The mission progresses
as the two crews alternate responsibilty for the aircraft.

In November 1976, the Conmmander-in-Chief of MAC instructed the Director
of Readiness and Tactics Development (MAC/XON) and the Office of the Command
Surgeon (MAC/SG) to conduct a test (MAC Test Plan 15-13-77) of crew capability
in the Blue/Gold mode. The Crew Technology Division of the IJSAF School of
Aerospace Medicine (USAFSAM/VN) assisted MAC/SG in evaluating the stress and
"fatigue experienced by C-5A crews flying double-crew, extended aerial-refueled
missions in support of this test. An initial version of this report was pub-
lished as an annex to the Director of Operational Requirements (MAC/XPQT) Blue
and Gold Concept OT&E Final Report (6).

METHOD

The evaluation consisted of six dedicated C-5A missions, two each of 32,
44, and 56 hours duration. The missions started and terminated at home base,
either Dover AFB, Delaware (32- and 56-hour missions) or Travis AFB, Califor-
nia (44-hoir missions). The 32-hour missions comprised 2 legs arj 2 aerial
refuelings; the 44-hour missions, 3 legs and 3 aerial refuelings; and the
56-hour missions, 4 legs and 3 aerial refuelings. Two basic crews were
assigned :o each mission, aid each crewmember participated in only one mis-
sion. A basic C-5A crew consists of 2 pilots, 1 navigator, 2 flight engi-
neers, and 3-4 loadmasters. Two medical observers flew on each mission. For
reasons of safety, an aerial-refueling-qualified flight-examiner crew was on-
board at all times to perform observer duties. A fresh flight-examiner crew
boarded the mission at the start ot each leg.

During the missions, one crew was on duty on the flight deck while the
other crew was in crew rest in the aft troop compartment. The crew on duty
first was always designated as the Blue crew. The troop compartment was modi-
fied by blocking out the windows and improvising crew- 'st facilities. The
individual facilities were made of a plywood-sheet base, framework made from
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electrical conduit, and curtains draped over this framework. A mattress with
a restraining belt and an emergency walkaround oxygen bottle were placed in-
side the framework. As much as possible, the resting crew did not interact
with the on-duty crew. Shift changes between crews occurred at 16-hour inter-
vals, beginning with the time of initial alert. For C-5A operations, crewmen
are alerted 3 hours 15 minutes prior to scheduled takeoff. Duty cycles were
scheduled as proportionately as possible to allow each crew to perform an
equal number of takeoffs, aerial refuelings, approaches, and landings. For
this test, the crews were given a minimum of 72 hours premission crew rest and
72 hours postmission crew rest.

Sleep histories and self-ratings of subjective fatigue were used to eval-
uate crew fatigue. These measures have been used previously by SAM/VN for
evaluating flying personnel in various operations (2-5). The Sleep Survey
(SAM Form 154, Fig. 1) documents the total hours of sleep during each 24
hours. The Subjective Fatigue Checkcard (SAM Form 136, Fig. 2) yields a score
from 0-20 (arbitrary units), with lower scores indicating greater fatique
(7). In general, fatigue scores of 12 or higher have been found to indicate
feelings of alertness, scores from 11 down to 8 suggest moderate fatigue, and
scores of 7 and lower suggest severe fatigue. While additional research is
required to clarify the relationship (8), it is hypothesized that scores of
4-7 may indicate performance impairment and that scores of 3 or less very
likely indicate degraded performance on certain complex demanding tasks.

The 3-day premission crew-rest interval served as a baseline-data collec-
tion period. Self-estimates of subjective fatigue were collected at 0900,
1300, and 1700 each baseline day. A sleep survey was completed at 0900 each
day. Prior to departing home station, fatigue responses were collected from
both crews during preflight planning. Preflight activities occurred in the
middle of the night for the 32- and 56-hour missions and at midday for the
44-hour missions. During the missions, fatigue data were collected about
every 4 hours from the on-duty crew. When off duty, crewmen were not awakened
for purposes of data collection. However, safety regulations required every-
one on board to be seated during takeoffs, landings, and aerial refuelings.
Parachutes were donned during aerial refuelings. A continuous record of sleep

times was maintained on each crewman throughout the mission. All missions
were intentionally scheduled for completion during late-morning home station
time, a goal that was met for all completed missions. This time alignment
permitted direct comparison of cumulative fatigue and subsequent recovery
among the mission profiles. The day of mission completion was defined as
recovery day 0. The last in-flight data were collected on recovery day 0 at
0900-1000 home-base time, about I hour prior to the final approach and land-
ing. Recovery data were collected at 1300 and 1700 on the day of mission corn-
pletion (recovery day 0) and at 0900, 1300, and 1700 on the next 3 days
(recovery days 1, 2, and 3).

The 44-hour missions also served to evaluate the feasibilty of resting
TAC crew-nvinbers onhodrd aircraft during extended deployments. During the ini-

tid' le(l from Travis AFB to Clark AR, Philippines, two F-4 crews slept and
Iuuie,,jed in j Veffterior Kit locdted in the C-SA (;dr o hold. The Venteriur kit
was furnished wth0 d litrine and (qalley and comfortably housed the four F-4
crewmen, a TAC flight surqeon, and a supporting loadmaster. The TAC flight

4
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surkeiflf accompaniL.d n ft-, F-4 crewmen and dssisted in dociwipertting their
dCtiVities and colIect ini data. Subjective fatigue data were collected on a
schedule similar to that of the MAC crews. One F-4 crew was allowed to always
sleep in l-nks, the other only in airliner passenger seats. !hey determined
their own sleep schedules, hut were required to he seated during takeoffs,
landings, and refuelings. Within a few hours after arrival at Clark AR, the
F-4 crews qere given a simulator check ride. Crew performance, rnordination,
and response to selected emergency procedures were evaluated by a TAC flight
examiner and compared with a simulator evaluation conducted a few days before
departure from Travis AFB. The F-4 crews remained at Clark AB for 3 days.

RESULTS

Data from the loadmasters were omitted from all analyses because
cargo and passengers were excluded on these test missions. Some minor and a
few major variations in itinerary occurred during the missions. Five of the
six missions were successfully completed. The second 44-hour scenario was
aborted 15 hours into the mission because of mechanical problems which forced
an unscheduled landing in Guam. The first 56-hour mission made an unscheduled

N initial stop at Hickam AFB, Hawaii, cancelled the scheduled Clark AB stop, and
proceeded for a successful flight. Summaries of key mission events are
presented in Figure 3 for the five successful missions.

To evaluate the fatigue present at the end of each completed mission, two
statistical analyses were made on the data from each mission.

Analysis A: Comparisons were made between the average 0900/baseline
fatigue scores and the final (approximately 1000) in-flight score reported
just prior to mission completion.

Analysis B: Comparisons were made between the average fatigue
scores reported at 1300 and 1700 during baseline versus the scores reported at
1300 and 1700 on the day of return (recovery day 0) to home station.

Rate and pattern of recovery after each mission were evaluated by two
additional analyses.

Analysis C: Average fatigue scores reported at 0900, 130(1, and 1700
on recovery day I were compared with the average scores reported for the same
times during baseline.

Analysis D: Fatigue scores reported across recovery days 1, 2, and
3 were compared with each other.

In each of these four analyses, the factor of primary interest was "day"
and its interactions with the factors of "crew" and "time," since a change
from baseline would be expected to reflect fatigue due to mission
requirements.

Three statistiral analyses were performed on the fatigue scores reported
durinq each 'nission to determine whether there were differences in response
between the two crews and within each crew.

7



BLUE / GOLD MISSION LOGS
(HOME - STATION TIMES)

TIME DOVER 32/1 DOVER 32/2 TRAVIS 4/1 DOVER 58/1 DOVER 56/2

ASIDT 0045 0045 1305 0145 0145

DEPART MV 0435 DEPART KNV 0415 DEPART KSUU 1700 DEPART IWOV 0555 DEPART KOM 0622

A/RR 1815

10 A/R L 1035

A/R • 1210 AIR' 205 A/R 1235
15 ARRIVE R 1615 4C/C

15 ARRIVE PHNL ARRIE 16C/C 4CIC A/R o *ARRIVE PHNL ! 4 C/C

20 ARRIVE RPMK 0900 DEPART PHNL 2200
DEPART DEPART PHNL 2340 A/R L- 2340

A 25
5 DEPART RPMK,1 ARRIVE RPMK 0330

A/R> 0400 A/R 0355 A/R 0535

30 ARRIVE RITY 1935,4 C/C DEPART RPMK 0810

ARRIVE KDOV 0o40 -ARRIVE KDOV 0930 ARRITY 0930 C/C 4 C/C

35 DEPART rTY 0015 ARRIVE 1210

DEPART RJTY 163040 A/R 0630 
DEPART 1907

LEGEND:
4KD5 = OVER ARRIVE KSUU 1000 ARRIVE PAED 230C /cC/C

KSUU = TRAVIS ARRILPFAE 0050 4 C/C
PAED = ELMENOORF DEPART PAE 0255 4PAc

50 PHNL = HICKAM DEPART -PAE 0400

RJTY YOKOTA
RPMK = CLARK

55 A/R AIR REFUELING A/Rý _08:5C/C CREW CHANGE ARRIVE KDOV 1050 A/Rvr 0930
UNSCHEDULED ARRIVE KDOV 1205

60

Figure 3. Blue/Gold mission logs.
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Analysis E: Fatique scores reported by Blue and Gold crews after
being on duty for 16 hours were compared.

Analysis F: Fatique scores reported by Blue and Gold crews at the
end of their final duty periods were compared.

Analysis G: For the longer missions, comparisons were inade within
each crew between fatigue scores reported upon completion of the first and the
second duty periods.

All fatigue scores submitted to analyses E, F, and G were adjusted for
baseline by subtracting the appropriate mean baseline values prior to
analysis. It was not always possible to use a baseline time that could be
considered optimal to adjust the mission data. Several of the adjustments
made to scores for the Bl ue crews were out of alignment, some by as much as 5
hours. For the 44-hour mission, no appropriate baseline values were available
to adjust the 16-hour fatigue scores for the Blue crew; therefore, the
analysis of fatigue scores after 16 hours on duty was not performed for this
mission. The final cl-duty period comparison was made for all five missions;
for the 32-hour missions, this was the same as the "after 16 hours on duty"
comparison.

Two statistical cumparisons were made on the sleep data from each mis-
sion. The average number of hours slept per night during baseline was com-
pared with the average hours slept during the first 24 hours at home. Trends
in postmission recovery were determined by comparing the hours slept on each
of the 3 recovery nights.

Based on this background of the statistical tests performed on fatigue
and sleep data, a summary of the significant (p_<.05) findings for each of the
five missions will be presented next. While reviewing the summary statements,
the reader may refer to Table 1 and Figure 4 for mean subjective fatigue
scores reported during baseline and recovery days, to Table 2 and Figure 5 for
mean fatigue scores reported in-flight, and to Table 3 for average hours slept
during baseline and recovery.

Mission 32/1 (first 32-hour mission)--This was a 2-leg mission, with the
Blue crew on duty going out and the Gold crew on duty during the return leg.
Compared to the appropriate mean baseline fatigue scores, overall decreases in
fatigue scores (indicating increased feelings of fatigue) were reported by
both crews just prior to mission completion (p=.O03, Analysis A), for the
balance of recovery day 0 (p-.012, Analysis B), and on recovery day I (p=.027,
Analysis C). For the two crews combined, feelings of fatigue diminished from
recovery day 1 to recovery day 3 (p=.021, Analysis D). Overall, fatigue
scores were significantly higher (less fatigue; p=.026, Analysis D) for the
Blue crew than the Gold across recovery days 1-3. Both crews reported similar
levels of severe fatigue at the end of their duty periods. The mean hours
slept by both crews increased significantly (p=.O03) during the first 24 hours
of recovery, with a return to baseline sleep levels on recovery days 2 and 3.
The difference in the hours slept among tne recovery days was significant
(p<.O01).

9



TABLE 1. MEAN SUBJECTIVE FATIGUE SCORES DURING BASELINE AND ONRECOVERY DAYS 0, 1, 2, AND 3

Mission Crew Time Baseline Day 0 Day 1 Day 2 DaX 3

32/1 Blue 0900 14.1 10.8 12.6 14.2 15.01300 14.7 8.8 15.4 15.4 14.4
1700 12.7 9.8 9.6 14.0 14.0

Gold 0900 15.4 6.4 11.6 12.4 14.2
1300 13.4 6.8 10.6 12.1 13.2 ....1700 12.3 7.0 9.4 10.4 10.8

32/2 Blue 0900 13.2 10.6 13.4 12.2 14.61300 14.2 10.2 13.6 13.9 14.8
1700 12.1 10.8 14.0 14.5 14.7

Gold 0900 12.3 5.2 10.8 11.2 13.2
1300 13.3 3.4 11.0 11.4 12.0
1700 10.5 6.0 9.6 9.8 10.6

44/1 Blue 0900 12.1 7.4 11.8 13.4 13.0
1300 12.0 - 13.2 11.8 12.21700 11.5 - 12.6 11.8 11.4

Gold 0900 14.3 13.2 13.4 15.6 13.6
1300 13.6 - 12.6 11.8 13.3
1700 11.6 - 11.4 11.2 10.2

56/1 Blue 0900 13.5 6.6 13.0 14.4 14.6
1300 13.3 3.8 11.6 13.6 14.01700 11.8 6.6 12.4 11.2 12.0

Gold 0900 11.7 5.6 9.6 10.4 9.8
1300 14.5 1.6 12.4 11.6 14.0
1700 12.5 2.8 11.0 13.4 10.0

56/2 Blue 0900 13.2 9.2 13.2 12.6 10.7
1300 12.7 5.8 12.7 11.8 11.41700 11.5 8.6 11.8 10.4 10.2

Gold 0900 13.5 8.6 8.6 13.4 11.0
1300 12.7 6.4 9.6 11.6 11.21700 10.0 5.8 6.8 8.8 9.2

10



16 0 BLUE
' GOLD

12

10\ 00
8 DOVER 32 1
6 -

J

* 16
14

Nm

10"'• .

61

4 DOVER 322 2

16

S8 .

6 TRAVIS 44 1

z 101 12
6
4

2 DOVER 56 1
I a I I _ t t • I I i I I

14

6
4 DOVER 56 2

0 0 0

BASELINE RECOVERY DAYS

Figure 4. Mean subjective fatigue scores before (baseline) and
after (recovery) each Blue/Gold mission.
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TABLE 2. MEAN IN-FLIGHT SUBJECTIVE FATIGUE SCORES* AT PREFLIGHT,
CREW SHIFT CHANGES, AND MISSION COMPLETION

Mission Crew Preflight 16-Hr 32-Hr 44-Hr 48-Hr 56-Hr

32/1 (time) (0200) (1700) (1000)

Blue 12.5 6.0 10.8 - -

Gold 11.2 10.6 6.4 - -

32/2 (time) (0300) (1700) (1000)

Blue 12.8 11.0 10.6 - - -

Gold 11.2 10.0 5.2 - - -

44/1 (time) (1400) (0400) (1900) (1000)

Blue 13.2 8.4 11.8 7.4 - -

Gold 11.8 10.2 8.6 13.2 - -

56/1 (time) (0500) (1900) (0900) (2300) (1000)

Blue 11.2 8.8 11.2 - 9.4 6.6

Gold 6.8 9.8 4.6 - 10.2 5.6

56/2 (time) (0500) (1700) (0800) (0100) (1000)

Blue 10.2 8.8 8.6 - 7.0 9.2

Gold 8.0 11.0 4.2 - 8.2 8.6

*Scores reported at the end of a duty period are underlined; scores
reported at the end of a rest period are not underl ned. In general, scores
of 12 and higher indicate feelings of alertness, scores from 11 down to 8
indicate moderate fatigue, and scores of 7 and lower suggest severe fatigue.

I.
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14,-

12- B eLUE

10- GOLD

8'- -w ON DUTY

6- ...... OFF DUTY

4. DOVER 32 1 * UNSCHEDULED
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SFigure 5. Mean subjective fatigue scores during each Blue/Gold mission.
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TABLE 3. MEAN HOURS SLEFT DAILY DURING BASELINE AND ON
RECOVERY DAYS 1, 2, AND 3

Mission Crew Baseline Day 1 Day 2 Day 3

32/1 Blue 7.8 10.6 7.6 7.8
Gold 7.6 10.9 6.8 8.6

32/2 Blue 9.3 9.0 8.9 8.3
Gold 8.5 14.6 8.5 8.2

44/1 Blue 8.5 12.3 9.2 3.1
Gold 7.7 8.9 7.5 7.6

56/1 Blue 7.6 10.8 7.8 8.0
Gold 7.2 10.7 8.3 6.8

56/2 Blue 7.5 9.9 8.1 6.3
Gold 8.1 11.3 8.2 7.2

Mission 32/2--Fatique scores were depressed for both crews upon mission
termination, but much more for the Gold crew than the Blue (p=.035, Analysis
A). Average fatigue scores for the two crews combined were significantly
lower (p=.001, Analysis B) at 1300 and 1700 on recovery day 0 than during
baseline (a relatively greater decrease for the Gold crew was not
statistically significant). The Gold crew was much more fatigued at the end
of their duty period than was the Blue crew (p=.012, Analysis E). During the
first 24 hours of recovery, the Blue crew slept about the same number of hours
as they averaged on each baseline night, but the Gold crew slept a great deal
more than during baseline (p-.014 ). Analysis of the hours slept across
recovery days 1-3 again detected the large number of hours slept by the Gold
crew on the first night. In this case, a significant (p<.O01) crew x day
interaction resulted, as the two crews slept very similar and typical numbers
of hours on recovery nights 2 and 3.

Mission 44/1--This was a 3-leg mission. The Blue crew was on duty during
the first and last thirds of the mission; the Gold crew was on duty during the
midportion. The three legs did not align temporally with the three duty
periods. At mission termination, the Blue crew was significantly (p-.0 2 8oAnalysis A) more fatigued than the Gold crew, which reported feeling fresh and

alert. Missing data prohibited the statistical comparison of baseline versus
recovery-day-O fatigue scores at 1300 and 1700. However, the alleviation of
fatigue across recovery days 1, 2, and 3 is apparent in Table I and Figure 4.
Both crews reported increased hours slept for the first night of recovery, but
the increase was much greater (p-.009) for the Blue than the Gold crew. For
the two crews combined, the average hours slept each recovery night differed
significantly (p=.O04), with the amount of sleep on nights 2 and 3 being
similar to average baseline values.

14



The four TAC crewmen housed in the Venterior kit reported 7.5-9.5 hours
of sleep during the 17-hour leg to Clark AB. Although data collection was
incomplete, no significant levels of subjective fatigue were reported. The
TAC crews arrived feeling alert and confident of their capabilities. Their
simulator performance verified these subjective reports: the flight examiner
reported no deterioration during the postmission check. Mild insomnia was
reported during the first day or two of adjusting to the 8-hour time zone
change, but no complaints of fatigue during the daylight hours.

Mission 56/1--The 56-hour missions included four legs. Each crew
performed two duty periods, with no correspondence between legs and duty
periods. The second Gold crew-duty periods of both 56-hour missions were only
10-12 hours long, not 16. Both 56/1 crews were considerably fatigued at
mission termination (p-.OO8, Analysis A). At 1300 and 1700 on recovery day 0,
both crews reported fatigue scores lower than baseline scores (p<.001,
Analysis B), but the Gold crew's scores suffered a larger decrement than the
Blue (p=.038, Analysis B). Overall during recovery days 1-3, mean fatigue was
significantly greater (p=.010, Analysis D) for the Gold crew than the Blue.
The hours slept during the first 24 hours of recovery were notably greater
(p<.O01) than baseline values for both crews. The hours slept on the second
and third recovery nights were similar to baseline values, resulting in a
significant (p<.O01) difference in hours slept among the 3 recovery nights.

Mission 56/2--As in mission 56/1, both crews were fatigued at mission
completion (p=.016, Analysis A) and at 1300 and 1700 on recovery day 0
(p-.004 , Analysis B). The Gold crew was more fatigued after 16 hours on duty
than was the Blue crew (p=.O0 4 , Analysis E). The only significant difference
between first and second work periods occurred on this mission for the Gold
crew, which was less fatigued at the end of the abbreviated second duty period
than at the end of the first duty period (p=.O39, Analysis G). Both crews
slept significantly more hours on the first recovery night than during
baseline (p-.020). Hours slept returned to normal levels on recovery nights 2
and 3, resulting in a significant (p-.O01) difference among recovery nights.

DISCUSSION

Summarizing the five completed missions, the subjective fatigue
experienced by the double crews was closely related to the mission schedules.
The crews were well rested at the start of each mission, averaging a typical
7-8 hours of sleep per night during the 3 baseline days. Between the last
complete baseline night and mission alert for early-morning preflight planning
and departure, the crews assigned to the 32- and 56-hour missions acquired a
few hours sleep. Prior to the afternoon departure of the 44-hour mission,
essentially no sleep was reported between the last baseline night and mission
alert. Mean fatigue scores decreased (indicating increased fatigue) in all
but one (Gold 56/2 second duty period) of the 15 duty periods that occurred

r during the five missions (Table 2). Moderate levels of fatigue were reported
at the end of seven duty periods, and severe fatigue at the end of eight. The
severity of the mean fatigue reported at the end of a duty period tended to be
related to the number of nights of sleep disruption, based on home-station
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time. The four Dover mission-schedules (32- and S6-hour missions) required
the Gold crews to be on duty when they would have normally been sleeping and
to sleep when they would have normally been awake. The Travis
mission-schedule (44-hour mission) load a similar wake/sleep reversal effect on
the Blue crew. These scheduling effects are emphasized In Figure 5 by the
stippling of the home-station sleep periods. Six of the eight mean scores
reflecting severe fatigue at the end of a duty period were reported by the
Dover Gold and Travis Blue crews after they had experienced 2 or more nights
of sleep disruption--again, in relation to home-station time. The mean
fatigue scores reported at the completion of each duty period and identified
in Table 2 are presented again, with their associated nights of sleep
disruption, in Table 4. Substantiation of this possible relationship would
require systematic manipulation of the elapsed time into mission and the
number of nights of sleep disruption, factors that were confounded in the
Blue/Gold missions.

TABLE 4. MEAN FATIGUE SCORES AND ASSOCIATED NIGHTS OF SLEEP
DISRUPTION AT THE COMPLETION OF EACH DUTY PERIOD

Mission Crew Duty Period
First Second

32/1 Blue 6.0 (1)*
Gold 6.4 (2)

32/2 Blue 11.0 (1)
Gold 5.2 (2)

44/1 Blue 8.4 (1) 7.4 (2)
Gold 8.6 (1)

56/1 Blue 8.8 (1) 9.4 (1)
Gold 4.6 (2) 5.6 (3)

56/2 Blue 8.8 (1) 7.0 (1)
Gold 4.2 (2) 8.6 (3)

*nights of sleep disruption.

) ~16"



The Blue and the Gold crews reported averages of 5-7 hours of fragjmented
and fitful sleep per 16-hour rest period, and they complaiined about the noise
(83 dBA) and vibration levels in the troop compartment. However, some
alleviation of fatigue resulted while off duty, as mean fatigue scores usually
improved by the end of each rest period that followed a duty period (Table
2). Occasionally, resting crewmen had to be awakened in preparation for
aerial refuelings, landings, or takeoffs. These interruptions of sleep were
received with considerable annoyance. On the 56-hour uissions, the Gold crews
acquired several hours of sleep during their second rest period in the troop
compartment while on the ground at night at Yokota AFB, Japan. The
circumstances provided a good sleeping environment: little or no flightline
noise and comfortable temperatures. As a result, the Gold crews reported for
their second duty period much more rested than when they entered crew rest.
At other times, onboard rest while on the ground was severely hampered by
flightline noise, uncomfortable temperatures, and the activities of
maintenance crews. Under these conditions, resting crewmembers benefited more
by leaving the aircraft and eating, cleaning Lp, or simply moving about.
During intervals of reduced workload, on-duty crewmen would occasionally
obtain 1 or 2 hours of sleep in the C-5A flight-deck motel facility.

Nl At the end of the 32- and 44-hour missions, the crews last on duty

reported greater fatigue than the resting crews. At the end of the 56-hour
missions, the two crews showed little difference: both resting and working
crews reported moderate (mission 56/2) to considerable (mission 56/1)
fatigue. The mean subjective fatigue scores reported at mission completion
(0900-1000) and later the same day (1300 and 1700), after entering postmission
crew rest, were considerably lower than those reported during baseline. Eight
of the 10 crews reported a 30% or greater increase in hours slept during the
first 24 hours of recovery (Table 3). The subjective fatigue scores reported
on recovery days 1, 2, and 3 and the hours slept during the second and third
nights of recovery seldom differed from those reported during baseline.

These findings concur with those previously reported by Atkinson et al.
(1), Harris et al. (4), and Hartman et al. (5), who also evaluated fatigue and
sleep patterns in double crews flying strategic airlift missions. Aerial
refuelings were not a factor in their studies. The Harris and Hartman studies
used the same fatigue and sleep surveys used in this study. Although their
analyses of fatigue scores did not evaluate on-duty versus off-duty status,
similar increases in fatigue occurred for both 4/4- and 16/16-hour work/rest
schedules. The work/rest cycles were determined to not be a primary variable
for operational concern, but to impact at a secondary level by constraining
sleep and rest periods. Atkinson et al. recommended a 12/12 work/rest
schedule. These previous efforts all reported substantial increases in hours
slept on thq initial day of postmission recovery and found complete recovery
to require 3-5 days in some instances.

Deployment of TAC aircrews with in-flight crew rest using the Venterior
kit aboard MAC aircraft %as very effective. The o.-,ly complaints were related
to the very low humidity and to sleeping in reclined passenger seats. The
mission schedule was favorable for the TAC crews. Following the late
afternoon departure from Travis AFB and an early refueling, it was the TAC

17



crews' normal time to retire for the evening. They acquired a good night's
sleep, awoke refreshed, and performed well in the simulator at Clark AB.
Thus, the deployed crewmen could fulfill a normal duty day. The TAC crewmen
participating in this mission readily adjusted to the new time zone, hut they
had no rigid schedule or workload to perform. The ability of TAC crews,
deployed with airborne crew rest, to perform repetitive missions under a
sortie surge operation cannot he estimated from this Initial test.

RECOMMENDATIONS

The MAC test plan addressed five medical objectives.

1. Identify and analyze psychophysiologic stresses (sleep l-4 ,Wt

fatigue buildup, circadian rhythm desynchronizatlon).

Whether on crew rest or duty, the demands of the n. Ahe
aircraft environment, and the fragmented opportunities for sleep re.uiLed in
substantial fatigue as a mission progressed. The sleep acquired in the troop

compartment wds of poor quality but did allow some amelioration of fatigue
and, therefore, continuation of the extended missions. In some instances,
reversal of sleep/wake cycles may have exacerbated crew fatigue.

2. Determine maximum flying and crew duty-day limitations.

While there is no optimal work/rest schedule for double-crew
missions, 16-hour intervals are generally too long for either work or rest
periods. More frequent rotation, on an 8-12 hour basis, would result in less

fatigue at the end of a duty period and still provide ample time for rest.
Every opportunity should be taken to tailor crew schedules to the mission
profile. A shift change between crews should not occur during the hour
preceding a takeoff, landing, or aerial-refueling operation. Within this
framework, double-crew aerial-refueled missions of 40-48 hours are feasible
and safe.

3. Determine home-station predeparture and postmission crew rest
requirements.

Current home-station C-5A predeparture rules are appropriate. On
completion of double-crew aerial-refueled missions, both crews should remain
in postinission recovery a minimum of 48 hours, including 2 nights of
uninterrupted normal sleep (2200-0600 local time).

4. Determine minimum recovery period for repetitive missions.

The test plan did not permit direct evaluation of crew fatigue
associated with repetitive missions. The fatigue and sleep data indicate,
however, that crews flying hack-to-back double-crew aerial-refueled ,nissions
should hayo postuission crew rest of at least 72 hours, includirng 3 nights of
uninLerruijt.ed normial sleep (9200-0600).

18



5. lvalIuate the concept of resting T.AC crews in a live-aboard concept onf
C-SA extended missions.

Under the conditions of the mission tested, the C-SA deployrnent of
on,)oard resting TAC crews was effective. The Venterior kit provided the TAC
crews with an exceptional rest facility and offered a sleeping environwent
ouch better than that used in the troop compartment hy the MAC crewmen.
After a 17-hour nonstop deployment, the TAC crews were rested and
operationally capable of performing a mission. However, the ability of the
TAC crews to effectively perform repeated missions for several days (a sortie
surge) following deployment was not evaluated.
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